



Structural Impact Simulation Using Program 
KRASH 
ABSTRACT 
Use is made of  t h e  KRASH program t o  s imula t e  
a s i m p l i f i e d  ca r - in to -ba r r i e r  impact. A step-by- 
s t e p  modelling technique i s  i l l u s t r a t e d  whose 
a p p l i c a t i o n  at  a n  e a r l y  s t a g e  i n  t h e  des ign  
p rocess ,  a l lows  a n  understanding of t h e  contr ibu-  
t i o n  of  i nd iv idua l  components t o  t h e  o v e r a l l  
crash-performance of  a veh ic l e .  
INTRODUCTION 
The use of computer-based, a n a l y t i c a l  
methods t o  p r e d i c t  t h e  c r a sh -cha rac t e r i s t  ics 
o f  a proposed v e h i c l e  has become a fundamental 
p a r t  of t h e  des ign  process .  
number of  programs a r e  a v a i l a b l e  f o r  t h i s  purpose 
which vary i n  complexity from simple one- 
dimens iona l ,  lumped-mass ccdr~s  through t o  th ree -  
dimensional  F i n i t e  Element (FE) programs which 
a l low d e t a i l e d  models to b e  run. 
d i f f e r e n t  t ypes  of approach t o  Iw I I I ~ C I L -  t o  s t r u c t -  
u r a l  impact modelling. The t i n t  involvcl; 
t h e  use of a 'complex' FE p r o g r m  t o  mcidc.1 
t h e  s t r u c t u r e  i n  d e t a i l ,  us ing oiily geometric 
and mater ia l -propert  ies d a t a .  (The input f o r  
t h i s  model may come d i r e c t l y  from t h e  l i nea r -  
e l a s t i c  a n a l y s i s  of  t h e  veh ic l e  conducted du r ing  
t h e  d e s i g n  p rocess . )  
form, t h i s  t ype  o f  model r e q u i r e s  super-computer 
power t o  c a r r y  ou t  t h e  l a r g e  amount of  equation- 
s o l v i n g  which i s  r equ i r ed .  
The second approach is commonly termed 
'hybrid '  because i t  invo lves  combining t h e  
r e s u l t s  of s t r u c t u r a l  component tests i n t o  
a s i m p l i f i e d  FE model. The hybrid approach 
r c q u i r e s  t h e  u s e r  t o  i d e n t i f y  components i n  
t h e  s t r u c t u r e  which w i l l  p l ay  a s i g n i f i c a n t  
role i n  t h e  c o l l a p s e  process .  
t h e s e  canponents (and t h e i r  a n t i c i p a t e d  d i r e c t i o n  
o f  co l l apse  - ie. c rush ing ,  bending, t o r s i o n  
or s h e a r )  tests a r e  c a r r i e d  out  to  determine 
An inc reas ing  
I n  broad terms, thesc progt-ms :illtiw two 
I n  its most d e t a i l e d  
Having i d e n t i f i e d  
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t h e i r  f o r c e  versus d e f l e c t i o n  c h a r a c t e r i s t i c s .  
I n  gene ra l ,  t h e  hybrid method r equ i r e s  
considerably less computing resources  than  
t h e  f u l l  FE approach. This i s  because t h e  
non-linear c h a r a c t e r i s t i c s  of components which 
are obtained by tes t  a r e  s t o r e d  i n  the  program 
and a r e  r e c a l l e d  when an element is s t r e s s e d  
beyond i t s  e l a s t i c  l i m i t .  Consequently, t h e  
method avoids  t h e  need t o  c a r r y  out  l a rge  amounts 
o f  equat ion-solving t o  p r e d i c t  t h i s  non-linear 
behaviour. More r e c e n t l y ,  the d i s t i n c t i o n  
between ' f u l l '  FE and hybrid approaches has 
become obscure as a number of f u l l  programs 
now include a hybrid f a c i l i t y .  
dynamics program t o  s imulate  a s impl i f i ed  car 
s t r u c t u r e  i n  a f r o n t a l  b a r r i e r  impact a t  35mph. 
The o b j e c t i v e s  of t h i s  paper are a s  follows: 
o f veh i c le s t ruc t u r a  1 impact -d ynami cs through 
t h e  use of a s impl i f i ed  f r o n t a l  impact model 
(b) t o  i d e n t i f y ,  through t h e  use of t h e  
iiiodcl, s t r u c t u r a l  f e a t u r e s  which determine 
t h e  crash-behaviour of a car i n  a f r o n t a l  b a r r i e r  
impact 
(c)  t o  i d e n t i f y  c u r r e n t  l imitat  ions of 
t h e  approach and t o  o u t l i n e  f u t u r e  improvements. 
. A  step-by-step method is  used i n  t h i s  
paper t o  model t h e  veh ic l e  impact. .The s imulat ion 
begins  wi th  a s i m p l i f i e d  s ing le -mass  model 
and is success ive ly  repeated w i t h  f u r t h e r  addi- 
t i o n s  of  s t r u c t u r a l  d e t a i l  at each s tage.  T h i s  
technique is i n  d i r e c t  c o n t r a s t  t o  the c rca t  ion 
and running of a single highly-detai led modcl. 
The reason f o r  u s ing  t h i s  incremental  appnxicli  
i s  t h a t  t h e  e f f e c t  of  each a d d i t i o n  t o  tlw 
model can be assessed.  This  advantclgc. c:iii 
be i l l u s t r a t e d  by r e fe rence  t o  t h c  ;IcccIcr:it i t - i i  
t i m - h i x t o r y  at  t h e  d r i v e r ' s  s c a t  hst* v l i i c l i  
is  onc- of t h e  primary p i eces  of output i i i i . - i i i i : i t  irw 
required from a n  impact mndcl. This  s i ~ 1 1 ; i I  
w i l l  con t ro l  t h e  dcgree of i n j u r v  cspcriciir.t*d 
by t h e  d r i v e r  (CXC luding in t r i i s  ion t * i f r * t * l s '  
and,  w h c r c  nc rc s sa ry ,  i t  is  t h i s  s i p ; i I  w h i c h  
This paper  uses  t h e  KRASH hybrid s t r u c t u r a l  
(a)  t o  o u t l i n e  an approach t o  the  s imula t ion  
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